The host's immune system discriminates tumor cells from normal cells by recognizing the major histocompatibility complex (MHC) class 1 antigen expressed on the tumor cell membrane. However, the role of MHC class I antigen in tumor cells has not yet been clarified. In this study, the influence of MHC class 1 antigen expression on the tumorigenicity of a human glioblastoma cell line (KMG4) is examined. Barely detectable levels of MHC class I messenger ribonucleic acid were found to express in KMG4 cells by Northern blot analysis using mouse MHC class I (H-2L ~) and human leukocyte antigen (HI,A)-B7 genes as probes. The H-2L d gene connected at the downstream end of murine mammary tumor virus (MMTV)-promoter was cotransfeeted with the neomycine-resistant gene pSV2-neo into KMG4 cells, and the drug-resistant cells were selected. The KMG4 cells (KMG4-MMTV-Ld), which acquired the MHC class I gene were detected by Northern blot analysis with H-2L d as the probe, and by immunohistochemistry using the H-2L<specific monoclonal antibody. Tumorigenicity, as determined by colony-[brming ability in soft agar, was then compared between MHC class l-expressing KMG4-MMTV-L J and nonexpressing control cells. The MHC class lexpressing cells were found to be deprived of colony-forming ability, indicating that MHC class I antigen could negatively influence the anchorage-independent cell growth of the human glioblastoma cell line KMG4.
M
AJOR histocompatibility complex (MHC) class 1 genes constitute a highly polymorphic gene family that encode integral membrane glycoproteins with molecular weights of 40,000 to 45,000 D. 25 They are associated noncovalently with a 96 amino acid-long peptide, P2-microglobulin. 23 The MHC class I complex molecules appear to play an essential role in the presentation of tumor-specific antigens to the host's immune system. For cytotoxic T lymphocytes, the recognition of foreign antigens with MHC class I molecules is indispensable for the attack mechanism against the foreign antigens expressing tumor cells (MHC class 1 restriction). 33 ' 35 It has been reported that the reduction of MHC class 1 antigen expression on cell membranes correlates with the malignant feature of murine tumors ~26 and human cancers, s ~6,J7. 20 In several instances, however, it was also found that MHC class I genes were activated in transformed cells 2''222 and that allogenic class I expression was insufficient for tumor rejection?
These apparently contradictory observations raise questions about the role of MHC class 1 antigens with respect to tumor cells. To obtain more information as to a possible relationship between tumorigenicity and MHC class I antigen expression in tumor cells, we constructed an expression plasmid for mouse MHC class I genes, which specifically acts under the control of a murine mammary tumor virus (MMTV)-promoter by the addition of dexamethasone. The influence of the expression of mouse MHC class I antigen on the anchorage-independent growth of human glioblastoma cells (KMG4) ~9 was then analyzed by comparing the cells of MHC class I in the expressing state with those in the nonexpressing state. In these studies, we demonstrated that anchorage-independent growth (a tumorigenic phenotype) of human glioblastoma cells was specifically suppressed by the expression of the transfected mouse MHC class I gene.
Materials and Methods

Construction of" Plasmid H-2L J V~Tlh MMTV Promoter
The mouse MHC class I (H-2L d) gene 7 was obtained from plasmid pLJ4 by digesting it with restriction endonucteases EcoRI and Sat]. The MMTV promoter N. Momozaki, et al. 
Cell Culture and DNA Transfection
The KMG4 cells were grown in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal calf serum (FCS) in a humidified atmosphere of 5% C02/95% air at 37~ Fresh monolayers of KMG4 cells in 10-cm plastic plates were transfected with 20 ug of pMMTV-L d and I u g of pSV2-neo 3~ by the calcium phosphate precipitation technique. 9-t~ Transformed cells were selected as neomycin-resistant clones in a selective medium containing 400 ug/ml of G418 (neomycin). Neomycin-resistant clones were established when they expanded in number enough to allow extraction of the total ribonucleic acid (RNA) for Northern blot analysis and further experiments (Fig. 1) .
Northern Blot Analysis
Total RNA was extracted by the guanidinium/hot phenol method. ~8 Twenty #g of total RNA from proliferating cells was separated by electrophoresis in 1% agarose-formaldehyde gel and transferred to a nylon membrane. 34 The filters were hybridized with a 32p. labeled probe (BgllI fragments of H-2L d) at 42"C using the random primer method 34 in a solution containing 50% formamide, 5 x standard saline citrate (SSC), 5 x Denhardt's solution (0.1% polyvinylpyrolidone, 0.1% Ficoll, and 0.1% bovine serum albumin), 1% sodium dodecyl sulfate (SDS), and 100 Fzg/ml salmon sperm deoxyribonucleic acid. Filters were washed three times with 2 x SSC/0.1% SDS at 55~ for 2 hours, then exposed to Kodak XAR-5 film at -700C.
lmmunohistochemistry
The expression of the exogenously introduced mouse MHC class I gene on the cell surface was determined by the immunohistochemical method: cells cultured on coverslips were fixed with cold acetone. Specimens were incubated for 2 hours at 37~ with mouse monoclonal antibody 30.5.7, H-2L ~ specific monoclonal antibody, 27 which is reactive with the L ~ antigen, washed three times with 1 • Tris-buffered saline, and incubated with biotinylated anti-mouse immunoglobulin for 1 hour at 37"C. The processed specimens were incubated with horseradish peroxidase-streptoavidin for 30 minutes at room temperature, stained with 3,3'-diaminobenzidine tetrahydrochloride, and examined under a light microscope.
Anchorage-Independent Growth Analysis
The colony-forming ability of the cells in soft agar was estimated according to the method of Carney, et al? One-half of the exponentially growing cells were pretreated with dexamethasone (final concentration 2 uM) 2 days before use. Cells were trypsinized to a singlecell suspension and mixed with 0.3% Bacto-Agar containing DMEM and 10% FCS to a final concentration of 5 • 102 cells/m]. One ml of this suspension was poured onto each 10-cm culture dish containing a base of 0.55 Bacto-Agar in DMEM and 10% FCS in the presence or absence of dexamethasone (final concentration 2 uM). Agar plates were incubated in 5% COz/ 95% air at 37~ The colonies thus formed were scored under a light microscope 2 weeks after plating.
Results
Tran,~/~,etion and E:wression ~?/ H-2L '/ lt)tk MMTI" Promoter in KMG4 ttuman Glioblas'toma ('ells
The constructed expression vector of MHC class I antigen, the plasmid referred to as pMMTV-L J, contained the genomic sequences for the H-2L d gene and MMTV promoter and substituted for the native promoter (Fig. 2) . As a selectable marker, the pSV2-neo gene was cotransfected for neomycin resistance. In addition to the parental cell line, the KMG4-neo clone (KMG4 cells transfected with pSV2-neo only) and KMG4-MMTV-L ' clone (KMG4 cells transfected with MMTV-L ~ and pSV2-neo) were also obtained. 
Partial Suppression of Anchorage-Independent Cell Growth of Mouse H-2L d Expressing KMG4 in SemisoSd Medium
In the absence of dexamethasone, KMG4-MMTV-L a cells formed many colonies in soft agar; however, when stimulated by dexamethasone to express H-2L ~ they showed a reduced number of tiny colonies ( Table  1) . As a control, the KMG4-neo cells (transfected with pSV2-neo only, a neomycin-resistant gene) showed a slight increase in colony-forming ability with the addition of dexamethasone into the culture medium as compared with the KMG4-neo cells without dexamethasone (Table 1) .
Discussion
We have shown that mouse MHC class I antigen expression partially suppresses the anchorage-independent growth of human glioblastoma cell KMG4 (Fig. 1 it is difficult to rule out the possibility that the phenotypic change seen in individual transfectanls might be caused by the transfection procedure itself, j4 In our present procedure, we can eliminate such unfavorable effects due to transfection by comparing phenotypes of human glioblastoma clones in the MHC class I antigenexpressing state with those in the nonexpressing state. Thus, we concluded that the induced expression of the MHC class I gene led to suppression of an anchorageindependent growth of KMG4 cells. These results reinforce the possibility that MHC class I antigen may also play a role in the phenotypic changes independent of the immune system. Interferon stimulates the expression of MHC class I antigen, '3"28 and alters cell shape and the proliferating ability of cultured cells? 5
The mechanism of the suppression of tumorigenicity by interferon might be explained by its multiple functions not only as an immune-response modifier 32'33 but also as a growth-control modifier. These findings are consistent with the recent reports of a specific interaction between hormone receptors and MHC class I antigens, which can modify the cellular response) -~4>3' The MHC class 1 antigens might affect the binding ability of ligands to receptors by changing the conformation of the receptors. To elucidate the suppressing effect of MHC class I antigens on tumorigenicity, further experiments using this newly developed system are now in progress.
